Cigarette smoking is an important preventive risk factor for coronary atherosclerosis and coronary spasm [@bb0005]. The morbidity increases annually in lifestyle-related disease, such as hypertension, diabetes mellitus, and dyslipidemia, whereas the percentage of smokers among adults has decreased not only in Japan, but all over the world. However coronary abnormal vasomotor response to acetylcholine has increased in Japanese patients during 17 years [@bb0010]. The purpose of this study was to clarify differences of clinical characteristics, and correlated factors for coronary spasm in patients with vasospastic angina (VSA) between two decades.

Details of study design, protocol of acetylcholine (ACh)-provocation testing, definition of coronary spasm, data collection and follow-up were described previously [@bb0015]. Briefly, this was a retrospective, observational study. After exclusion of 117 from 1877 consecutive patients undergoing acetylcholine (ACh)-provocation testing between January 1991 and December 2010, the remaining 1760 patients were analyzed. Based on the date of ACh-provocation testing, the patients were divided into 2 period groups: the former (1991--2000, n = 1055), and the latter (2001--2010, n = 705) group. We compared the clinical characteristics and correlated factors for coronary spasm between the groups. The study protocol was approved by the Human Ethics Review Committee of Kumamoto University and a signed consent form was obtained from each subject.

Variables were compared with the chi-square test of Fisher\'s exact test, and the unpaired t test, as appropriate. Logistic regression analysis was used to compute odds ratios (ORs) and 95% confidence intervals (CI) as estimates for correlated factors of coronary spasm. A two-tailed P-value of \< 0.05 denoted the presence of a statistically significant difference. All statistical analyses were performed with The Statistical Package for Social Sciences software version 23.0 (IBM Corporation, Armonk, New York).

[Table 1A](#t0005){ref-type="table"} shows clinical characteristics of entire cohort, VSA patients, and non-VSA patients. Among 1760 all patients who underwent ACh-provocation test, the patients in the latter group were more likely to be elderly female, and have higher BMI, diabetes mellitus, hypertension, and dyslipidemia, but less likely to have current smoking and family history of ischemic heart disease (IHD), compared to those in the former group. [Fig. 1](#f0005){ref-type="fig"} shows annual changes of the results of ACh-provocation test between 1991 and 2010. ACh-provoked coronary spasm was observed frequently in the latter period, compared to the former period \[446/705 (63.3%) vs. 427/1055 (40.5%), P \< 0.001\]. Similarly, even in 873 VSA patients, those in the latter group were more likely to be female, and have higher BMI, hypertension, and dyslipidemia, but less likely to have current smoking and family history of IHD, compared to those in the former group. We performed simple and multiple logistic regression analyses to compare differential correlated factors for coronary spasm between the 2 periods ([Table 1B](#t0010){ref-type="table"}). Multiple logistic regression analysis identified that current smoking (OR: 1.66, 95% CI: 1.25--2.20), family history of IHD (OR: 2.74, 95% CI: 1.88--3.98), and significant organic stenosis (OR: 2.44, 95% CI: 1.73--3.44) were significant positive correlates but dyslipidemia (OR: 0.71, 95% CI: 0.52--0.96) was negative correlates with coronary spasm in the former period, whereas elderly (OR: 1.43, 95% CI: 1.01--2.02), dyslipidemia (OR: 2.37, 95% CI: 1.84--3.05), and significant organic stenosis (OR: 1.59, 95% CI: 1.15--2.20) were significant positive correlates in the latter period.Fig. 1Annual changes of the results of ACh-provocation testing between 1991 and 2010.Fig. 1Table 1AClinical characteristics in 1760 patients underwent ACh-provocation test: 1991--2000 vs. 2001--2010.Table 1AAll patientsVSA patientsNon-VSA patients1991--2000 2001--2010 P value1991--2000 2001--2010 P value1991--2000 2001--2010 P valuen1055705427446628259Age (mean ± SD)62.2 ± 10.864.4 ± 11.0\< 0.00163.4 ± 9.964.3 ± 10.80.17861.4 ± 11.464.5 ± 11.3\< 0.001Gender (male) (%)570 (54.0)333 (47.2)0.005266 (62.3)221 (49.6)\< 0.001304 (48.4)112(43.2)0.161BMI23.5 ± 3.423.9 ± 3.80.02123.4 ± 3.123.9 ± 3.90.02723.6 ± 3.523.9 ± 3.40.270BMI \> 25307 (31.1)246 (35.2)0.072112(28.1)152 (34.3)0.051195 (33.1)94 (36.9)0.291Current smoking (%)528 (50.6)307 (43.5)0.004252 (59.3)208 (46.6)\< 0.001276 (44.6)99 (38.2)0.082Diabetes mellitus (%)180(17.1)167 (23.9)0.00183 (19.5)96 (21.7)0.42697(15.5)71 (27.6)\< 0.001Hypertension (%)357(33.9)362 (51.4)\< 0.001147 (34.4)215 (48.2)\< 0.001210(33.6)147 (57.0)\< 0.001Dyslipidemia (%)340 (32.3)403 (57.3)\< 0.001139 (32.6)267 (60.0)\< 0.001201 (32.1)136(52.7)\< 0.001Family history of IHD (%)153 (14.7)76(10.8)0.01995 (22.4)50(11.2)\< 0.00158 (9.4)26(10.1)0.751CKD (eGFR \< 60)178 (20.8)141 (20.7)0.96679 (23.6)84(19.5)0.17599(19.0)57 (22.7)0.230Organic stenosis211 (20.0)146 (20.7)0.717126 (29.5)106 (23.8)0.05585 (13.5)40(15.4)0.458Table 1BDifferential correlated factor for coronary spasm: logistic regression analyses for ACh-positive compared to ACh-negative 877 patients.Table 1B1991--20002001--2010Simple logistic regressionMultiple logistic regressionSimple logistic regressionMultiple logistic regressionOR 95% CIP valueOR 95% CIP valueOR95% CIP valueOR 95% CIP valueElderly (age \> 75 yrs)0.770.53--1.120.1680.670.42--1.050.0811.641.20--2.230.0021.431.01--2.020.045Female0.540.42--0.68\< 0.001------0.900.72--1.130.360------BMI \> 250.750.58--0.970.0300.920.68--1.250.5791.000.79--1.280.9800.980.75--1.280.872Current smoking1.951.54--2.47\< 0.0011.661.25--2.20\< 0.0011.170.93--1.470.1741.120.87--1.440.386Diabetes mellitus1.030.77--1.380.8290.800.56--1.150.2231.180.89--1.570.2470.800.59--1.100.171Hypertension0.770.61--0.980.0360.880.66--1.190.4111.371.09--1.730.0071.140.88--1.470.336Dyslipidemia0.790.62--1.000.0530.710.52--0.960.0242.441.93--3.07\< 0.0012.371.84--3.05\< 0.001Family history of IHD2.711.97--3.74\< 0.0012.741.88--3.98\< 0.0011.190.82--1.720.3561.340.89--2.000.159eGFR \< 601.220.90--1.660.2081.150.81--1.630.4450.960.71--1.290.7800.800.58--1.100.167Organic stenosis2.551.93--3.38\< 0.0012.441.73--3.44\< 0.0011.921.44--2.57\< 0.0011.591.15--2.200.005

Although the percentage of smokers decreased in recent, ACh-provoked abnormal response has increased in the present study, which were consistently in agreement with previous study [@bb0010]. The present study indicated that current smoking was a risk factor for coronary spasm in the former period, but was not in recent. It is possible that risk factors for coronary spasm might have changed among two decades because a lifestyle of Japanese has changed in Western-style recently. However, significant organic stenosis was correlated with coronary spasm consistently among two decades. Previous study reported that coronary spasm occurs at sites of atherosclerotic lesion, and plays a potential role in atherosclerosis progression [@bb0020]. Atherosclerotic disease has increased in Japanese with a change in lifestyle. It might be a reason why coronary abnormal response has increased. Furthermore, significant organic stenosis is an important factor in VSA patients because previous studies showed that VSA patients with significant organic stenosis had a high risk for future cardiovascular events [@bb0015], [@bb0025]. Consequently, cardiologist should pay attention to atherosclerotic risk factors in the management of VSA patients, and should not miss coronary spasm in the management of patients with obstructive coronary artery disease who complain of chest pain unexplained by the presence of organic stenosis only.

In conclusions, our results suggested that clinical characteristics, correlated factors for coronary spasm in VSA patients have changed among two decades, but significant fixed stenosis was an invariable correlated factor for coronary spasm.
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